Introduction
Previous in-vivo and in-vitro studies on the pro-oestrous rat (Hori, Ide & Miyaké, 1969; Lieberman et al, 1975; Hillensjö, Bauminger & Ahrén, 1976 ; Katz & Armstrong, 1976) and sheep (Moor, 1974) suggest that LH inhibits C-17:20 side chain cleavage and/or C-19 androgen-aromatase activity, leading to a rapid decline in oestrogen production. In hamsters, following the LH surge on the day of pro-oestrus, there is also a change in the pattern of ovarian steroidogenesis, with an abrupt decline in serum oestrogen and testosterone and a concomitant increase in serum progesterone concentrations (Saidapur & Greenwald, 1978 , 1979a . The role of LH and progesterone in controlling ovarian production of oestradiol-17 ß in the hamster has been studied by in-vivo and in-vitro methods (Saidapur & Greenwald, 1979b) .
The present work was undertaken to investigate the possible role of protein synthesis in the regulation of oestradiol in the pro-oestrous hamster by using cycloheximide which is an inhibitor of protein synthesis. In addition, the effect of cycloheximide on ovulation was also studied.
Materials and Methods
Adult female hamsters (Mesocricetus auratus) weighing 80-120 g and maintained on a 14 h : 10 h dark schedule (lights on 07:00-19:00 h) were used after 3 or 4 consecutive 4-day cycles. Day 1 is defined as the day of ovulation. In all experiments hamsters were used on the day of pro-oestrus (Day 4). Cycloheximide (Sigma Chemical Co., St Louis, Missouri, U.S.A.) was dissolved in saline (9 g NaCl/1). Each s.c. injection was of 2 mg cycloheximide/0-2 ml saline. Control animals received only the 0-2 ml saline. (1978) and Terranova & Greenwald (1978) . The antisera used were specific for oestradiol-17ß (Exley, Johnson & Dean, 1971 ) and progesterone (Surve, Bacso, Brinckerhoff & Kirsch, 1976 (Bast & Greenwald, 1974) and details of the assays are given by Siegel, Bast & Greenwald (1976) . NIAMDD-anti-rat FSH serum-7 was used in the FSH assay. Anti-ovine LH serum and an ovine LH for iodination (LER-1056-C2) were kindly provided by Dr G. D. Niswender and Dr L. E. Reichert, respectively. Serum peptide levels were expressed in terms of NIAMDD-rat-FSH-RPl (2-1 NIH-FSH-S1) and NIAMDDrat-LH-RPl (0-03 NIH-LH-S1).
Statistical analysis
In all experiments, comparisons with the means of the control group were made by the Student's t test, and values with < 0-05 were considered statistically significant.
Results

Experiment 1
Injection of 2 mg cycloheximide at 14:00 h on the day of pro-oestrus not only prevented the normal rise in serum progesterone but also significantly lowered the levels within 1 h. 
Experiment 3
Animals injected with cycloheximide at 10:00 h on the day of pro-oestrus ovulated the next morning an average of 12-4 ± 0-8 eggs (N = 5). In contrast, the same treatment at 14:00 h blocked ovulation in all animals (N = 9). Although there was a vaginal discharge typical of the normal post-ovulatory event, ovarian histology revealed the presence of atretic Graafian follicles in these animals. Administration of 50 pg progesterone with the cycloheximide at 14:00 h restored ovulation in some of the animals (4/8 ovulated 12, 11,9 and 8 eggs, respectively).
Discussion
The present work shows that inhibition of protein synthesis by cycloheximide results in changes in serum progesterone and oestradiol in the pro-oestrous hamster (Text-figs la and lb; Table 1) suggesting, albeit indirectly, the involvement of protein synthesis in the regulation of ovarian steroidogenesis. The effects on oestradiol concentrations of cycloheximide on the afternoon of pro-oestrus were not mediated through changes in serum levels of gonadotrophins (Text-figs lc and Id). Cycloheximide may therefore act directly at the ovarian level as suggested by Alleva, Bonventre & Lamanna (1979) ; i.e. cycloheximide inhibits the synthesis of lytic enzymes needed for ovulation rather than enzymes involved in steroidogenesis. These authors did not measure peripheral progesterone or oestradiol concentrations but normal progesterone or oestradiol concentrations were presumed because behavioural oestrus was unaffected. In the present study, the fact that progesterone levels were halved as a consequence of cycloheximide administration indicates that inhibition of protein synthesis also affects enzymes involved in steroidogenesis. Reconciling these results with those of Alleva et al. (1979) , it is likely that reduced progesterone levels are still sufficient to evoke behavioural oestrus but not ovulation. This supposition is further strengthened by the fact that simultaneous administration of 50 pg progesterone restored ovulation in 50% of the animals treated with cycloheximide.
In the present study cycloheximide was injected subcutaneously. Alleva et al. (1979) injected the drug intraperitoneally and the lowest dose of cycloheximide needed to block ovulation was 6 mg, with 6/15 hamsters dying within 1-6 days. In our experiment, 2-4 mg cycloheximide inhibited ovulation without any mortality and without disturbing the normal 4-day duration of the next oestrous cycle. Obviously the subcutaneous injection of cycloheximide causes only a transitory and a relatively mild depression in protein synthesis. The problems inherent in the in-vivo administration of inhibitors of protein synthesis were circumvented in the study of Lieberman et al (1975) in which explanted rat Graafian follices were exposed to LH: addition of puromycin 1-3 h later inhibited progesterone accumulation within ¿-1 h.
Rondell (1974) proposed that ovulation induced by LH involves two stages: LH-induced steroidogenesis from acetate or cholesterol to progesterone, and progesterone-induced synthesis of collagenase (or other lytic enzymes) in the ovarian follicle wall, causing its dissolution and ultimate ovulation. In the present study, cycloheximide inhibited ovulation when injected on the afternoon of pro-oestrus but not when the inhibitor was injected at 10:00 h (4-5 h before the LH surge). Previous authors have suggested that protein synthesis essential for ovulation is restricted to the first 4-5 h after LH release (Pool & Lipner, 1964 , 1966 Alleva et al, 1979) , and the present observations are in agreement with this view.
The injection of cycloheximide at 10:00 h on the day of pro-oestrus depressed serum oestradiol drastically over the 3-h period studied (Table 1 ). The injection of progesterone at 10:00 h to pro-oestrous hamsters yielded similar results (Saidapur & Greenwald, 1979b From the results of our earlier and present studies it is clear that complex mechanisms involving the interaction of LH, progesterone and protein synthesis are responsible for the change in the pattern of ovarian steroidogenesis on the afternoon of pro-oestrus. Whether these changes involve granulosa or thecal cells or both is undetermined. Moreover, differences in the regulation of progesterone synthesis by the follicle and interstitium (Saidapur & Greenwald, 1979a) may account for the different effects of cycloheximide on circulating levels of oestradiol when given during the morning or afternoon of pro-oestrus. Obviously, more research is needed for a better understanding of this phenomenon.
